Background: Our purpose was to provide the clinical advantages of the laparoscopic approach compare to the vaginal approach in correcting uterine and vaginal vault prolapse. Methods: Between June 2007 and June 2011, 174 women were admitted to HUMC (Hallym University Medical Center) and underwent pelvic reconstructive surgery for prolapsed vaginal vault and uterus. Upon retrospective review of the medical records, 174 of the patients who had symptoms of pelvic organ prolapsed and Baden-Walker prolapse grade ≥ 2 were selected and divided into two groups as follows: vaginal approach group (n=120) and laparoscopic approach group (n=54). We compared the results of clinical outcome by analyzing Student's t-test and χ 2 -test or the Fisher exact test as appropriate.
Introduction
Pelvic organ prolapsed (POP) is the descent of one or more pelvic organs (uterus, vagina, bladder or bowels) through the defected vaginal wall by injury of supportive tissues. POP is a common problem as 50% of parous women experience [1] . The annual aggregated rate of associated surgery is 10 to 30 per 10,000 women [2] . Approximately 200,000 women undergo the surgery in the United States each year for POP [3, 4] . Genital prolapse is a highly prevalent disorder in women with a lifetime risk of surgical repair of 11.1% and is associated with stress urinary incontinence in 38 % [5] . Growing life expectancy in society requires increased prolapse treatment because of increasing disease prevalence.
Upper vaginal prolapse (i.e. uterus, vaginal vault [after hysterectomy]) is one of the different types of Ivyspring International Publisher POP. Incidence of vaginal vault prolapse is distributed widely between 0.2 % and 43 % [6] . Coexistent pelvic floor defects such as cystocele, rectocele or enterocele are frequently present in patients with prolapsed vaults [7, 8] . Conservative managements with pessaries have limitations in many patients, so early correction by surgery appears to be more practical. Surgical approaches in managing the uterine and vaginal vault prolapse include the vaginal, abdominal, and recently, laparoscopic methods. Vaginal and uterine prolapse are conventionally treated vaginally by re-suspending the pelvic floor through attachment to several fixation points: the uterosacral, sacrotuberous, and sacrospinous ligaments [9] . The principal advantage of the vaginal approach is minimal morbidity. The abdominal approach includes uterosacral ligament suspension, sacrocolpopexy using intervening mesh, re-suspension of the vaginal vault to cooper's ligament. Benson et al. (1996) suggested that success rates with the abdominal approach are superior to those of the vaginal approach but at the cost of greater morbidity, longer hospitalization, and more postoperative pain [10] . Laparoscopic sacrocolpopexy was relatively recently introduced into the management of uterine and vaginal vault prolapse [11] [12] [13] [14] . Laparoscopic approach has many advantages including better anatomic visibility as a result of magnification, insufflation, and improved hemostasis. Other advantages include shorter hospitalization, decreased postoperative pain, and better cosmeses of smaller incisions. There is some literature directly comparing different methods of surgical approaches (vaginal vs abdominal, and abdominal vs laparoscopic) [10, 15] , but we could only find a few reports that directly compared the vaginal vs laparoscopic approach.
In this study, we aimed to demonstrate the results of retrospective case series comparing the laparoscopic approach with the vaginal approach in correcting POPs; especially regarding clinical outcomes.
Materials and Methods

Study subjects
Between June 2007 and June 2011, 174 women were admitted to HUMC (Hallym University Medical Center) and underwent pelvic reconstructive surgery for vaginal vault and uterine prolapse. We reviewed the medical records retrospectively. They had pelvic organ prolapse symptoms and were Baden-Walker halfway scoring system grade ≥ 2 [8] , and were selected and divided into two groups. 120 women were treated with vaginal approaches, and 54 women were treated with laparoscopic approaches. We compared the results with respect to demographic characteristics including perioperative parameters and success or recurrence rates. Hallym University Sacred Heart Hospital Institutional Review Board approved for this study (2011-I065).
Perioperative assessment and data collection
Before the surgery, every patient underwent an evaluation based on age, previous pelvic surgical history (hysterectomy, appendectomy, adnexectomy etc.), underlying medical problems (hypertension, diabetes, thyroid disorder etc.), parity, body mass index, vagino-perineal symptoms, urinary symptoms (dysuria, incontinence, frequency, etc.) and gastrointestinal symptoms (constipation).
Each patient underwent a pelvic examination in the same method. Pelvic examinations were performed with the patients in the dorsal lithotomy position under maximum straining (Valsalva maneuver) after emptying the bladder. The degree of POP was determined according to the Baden-Walker halfway scoring system.
In reviewing the medical records, we compared the demographic characteristics of the two groups, including perioperative parameters (operation time, hospitalization duration, Foley catheterization duration, estimated blood loss, hemoglobin change between pre-operative and post-operative 1st day, symptom changes etc.), and the success and recurrence ratios at 1-year follow up point.
Surgical methods
Patient preparation
The operative field was prepared and draped under general anesthesia with endotracheal intubation, and the patient was placed in a modified dorsal lithotomy position.
Surgical procedures
1) Vaginal approach group: Uterosacral ligament suspension, anterior colporrhaphy, posterior colporrhaphy were performed, and in cases of uterine prolapse, vaginal total hysterectomy was performed first.
A circumferential vaginal incision was made with blade around the cervix. Then, the bladder was gently dissected off from the uterus and the pouch of Douglas was opened. Ligations and cuts of ligaments and vessels were made with a reversed step of abdominal hysterectomy. When the peritoneal cavity was opened anteriorly, the round ligament was grasped, ligated and cut. A McCall culdoplasty with peritonization was performed and the vaginal cuff was closed using vicryls (#1-0) in interrupted suture. Finally, anterior and posterior colporrhaphy was done as usual.
2) Laparoscopic approach group: Sacrocolpopexy was performed, and in cases of uterine prolapse, laparoscopic total hysterectomy was performed first. Anterior colporrhaphy or posterior colporrhaphy were done as needed.
During laparoscopic surgery, 3 or 4 ports were used. The posterior peritoneum overlying the sacrum was incised medial to the ureter using a monopolar electrode, exposing longitudinal ligament covering the sacral promontory. Then the peritoneal incision was prolonged along the right pelvic wall up to the pouch of Douglas. A dilator was placed intravaginally to identify and mobilize the vaginal apex. The peritoneum was dissected from the vagina, with care taken to avoid injury to the bladder. The pouch of Douglas was incised between the left and right utero-sacral ligaments and the recto-vaginal space was dissected along the posterior vaginal wall. Polypropylene meshes (GYNECAREGYNEMESH ® PS, Ethicon TM ) were secured to the anterior and posterior vaginal wall respectively with #0 Ethibond interrupted sutures. Meshes from the vagina were fixed to the longitudinal vertebral ligament with non-absorbable polyester #0 suture (Ethibond ® , Ethicon TM ) or #0 black silk suture in order to lift the prolapsed vaginal walls without tension. The operation was completed by reperitonealization.
Statistical analysis
Data were analyzed using Student's t-test and χ 2 -test or the Fisher exact test as appropriate. When p-value was < 0.05, it was considered as statistically significant.
Results
1) Demographic characteristics of the two groups. (Table 1)
174 patients who had pelvic organ prolapse symptoms and were Baden-Walker prolapse grade ≥ 2, underwent pelvic reconstructive surgery using the vaginal approach (n=120) or laparoscopic approach (n=54). Mean follow-up duration was 31.3 ± 7.6 months for vaginal approach group and 29.7 ± 9.7 months for laparoscopic approach group.
In terms of age, parity, BMI, prior pelvic surgery, medical history, frequency of Baden-Walker prolapse grade ≥ 2, mean uterine and vaginal vault prolapse degree and combined POP, there were no significant differences between the two groups, except for the frequency of rectocele. 
2) Postoperative clinical outcomes. (Table 2)
In terms of hemoglobin (Hb) change, febrile morbidity and estimated blood loss, vaginal approach group and laparoscopic approach group did not show any statistically significant differences. There were no cases of conversion to laparotomy and transfusion during operations. Foley catheterization duration (4.7± 1.9 vs 3.4±2.1 days, p= 0.001) was significantly longer in vaginal approach group. 3) Perioperative symptom changes. (Table 3) The frequency of vagino-perineal symptoms (pressure) were 118 % (n=98.3, vaginal approach group), 96.3 % (n=52, laparoscopic approach group) pre-operatively which remained in 5.0 % (n=6, vaginal approach group) and 5.6% (n=3, laparoscopic ap-proach group) post-operatively. Urinary problems (urgency, dysuria, incontinence etc.) was 35.8 % (vaginal approach group, n=43), 24.1 % (laparoscopic approach group, n=13) preoperatively which remained in 5.0 % (n=6, vaginal approach group) and 3.7 % (n=2, laparoscopic approach group) postoperatively. Gastrointestinal (GI) problems were present at 3.1 % in laparoscopic approach group (n=1) but disappeared post-operatively. There were no cases of GI problems in vaginal approach group peri-operatively. Peri-operative symptom changes in two groups did not show any statistically significant differences. 
4) Postoperative wound complications during follow up. (Table 4)
There were no significant differences in post-operative wound complications between vaginal approach group and laparoscopic approach group (p=0.75). Three cases of wound infection (2.5 %), one case of disruption (0.8 %), and one case of hematoma (0.8 %) occurred in vaginal approach group, whereas three cases of mesh erosion (5.8 %) were present in laparoscopic approach group.
5) Recurrence of pelvic organ prolapses during follow-up. (Table 5)
Recurrence was defined as pelvic organ prolapse grade ≥ 1. Recurrence requiring reoperation was defined as symptomatic pelvic organ prolapse grade ≥ 2.
Success was defined when there were no evidences of pelvic organ prolapse or pelvic organ prolapsed grade scored I by pelvic examination. There were a total of 11 cases of recurrence including three cases of cystocele (27.27 %), four cases of vaginal vault recurrences (36.36 %) and one case with rectocele recurrence (9.1 %) where 10 of these 11 cases (90.9 %) needed reoperation. No case of recurrence was encountered in laparoscopic approach patients.
Thus the success rate was significantly higher in laparoscopic approach patients [(91.7 % (vaginal approach patients) vs 100 % (laparoscopic approach patients)] (p= 0.032). Table 4 . Post-operative wound complications during follow-up showed no significant differences. 
Comments
As mean life expectancy grows longer, needs for management of POP, including uterine and vaginal vault prolapse, will increase. There are different types of reconstructive surgery for POP, including vaginal, abdominal, and laparoscopic approaches. In this study, we tried to compare the clinical outcomes of the laparoscopic approach with that of the vaginal approach in correcting uterine and vaginal vault prolapse.
DeLancey (1992) reported that level one support is sacrificed as often as 45% of the time after hysterectomy [16] . Failure to reattach the cardinal-uterosacral ligament complex adequately to the pubocervical fascia and rectovaginal fascia at the vaginal cuff during hysterectomy is proposed to be the most common cause of vaginal vault prolapsed [17] . As knowledge of the causes of vaginal vault prolapse and anatomy of the pelvic floor increased, restoration of the cardinal-uterosacral ligament support mechanism, and also reconstructive effort toward the re-approximation of the pubo-cervical and recto-vaginal fascia began to be performed [18] .
In cases of uterine prolapse, suspending the vaginal stump after hysterectomy is commonly accepted as the usual method. In this study, we performed hysterectomy first followed by reconstructive surgery. Utero-sacral ligament suspensions were performed in vaginal reconstructive surgeries [19] , whereas sacral colpopexies using separate meshes were done in laparoscopic reconstructive surgeries. Sacral colpopexy restored the apical support by anchoring the mesh to the anterior and posterior vaginal walls caudally and to the longitudinal ligament covering the sacral promontory.
Operation time
Mean operation time was significantly shorter in vaginal approach group. But mean operation time in laparoscopic approach group was also within the acceptable range and it was relatively shorter than that of other reports [10] [11] [12] [13] [14] . Although laparoscopic surgery requires a longer operation time than other approaches, when compared with the abdominal approach, it has the advantages of low postoperative morbidity, less postoperative pain, better cosmeses, and a shorter hospitalization duration that may offset this disadvantage [10] .
Hospitalization time
Post-operative hospitalization duration was longer in vaginal approach group than the other group. This may be related to significantly higher frequencies of vaginal wall dissection for anterior and posterior colporrhaphies in vaginal approach group than in the laparoscopic approach group. Additionally, a relation to the significantly longer duration of Foley catheterization in vaginal approach group can be suspected. Further study will be necessary.
Postoperative clinical manifestations
In terms of perioperative symptom changes, uterine and vaginal prolapse related vaginal-perineal symptoms and gastrointestinal problem were well controlled in both groups. The urinary problems were also well controlled, but newly developed problems were encountered post-operatively in some cases of both groups. Possible causes of newly developed urinary problems after reconstructive surgery for POP are as follows: large cystocele, heavy bleeding during operation, levator plication, Kelly plication, etc. Hakvoort (2009) described these as possibilities for increased risk of urinary dysfunction [20] .
Mesh induced complications
Mesh may also cause de novo urinary incontinence. It was suggested that the incidence is higher in cases of augmentation of the anterior vaginal wall with mesh than with vaginal vault prolapsed [21] [22] [23] . In this study, mesh was not used for anterior colporrhaphies, and the incidence of urinary dysfunction was relatively low. Using the mesh for the vaginal apical support, the rate of mesh erosion was between 3.4 % and 16 % [24] [25] [26] [27] . De Tayrac R (2006) reported that the use of a low-weight, monofilament, large-pore size polypropylene mesh coated with a hydrophilic film for vaginal prolapse repairs was associated with a 10 % erosion rate when concomitant hysterectomy or trachelectomy was performed, and with a 4 % erosion rate if the uterus was preserved or if the procedure was performed after a previous hysterectomy [28] . Risk factors of mesh erosion are the age of patient, estrogen deficiency, type and size of synthetic mesh, surgical approach, method of fixation, and combined operation [29] [30] [31] . It is suggested that mesh erosion is usually predisposed to cause marked scarring and thinning of the vagina from previous vaginal repairs or a combined abdominal hysterectomy and sacral colpopexy. This problem can be eliminated by the use of donor fascia lata or a xenograft [32] . Whereas, in other reports, it is suggested that preservation of the uterus may act as a shock absorber and lead to a reduced risk of mesh erosion [12, 33] . In this study, two cases of mesh erosion occurred in the laparoscopic approaches and both of the erosion cases underwent concurrent hysterectomy. After the removal of exposed portion of mesh, the vaginal vault suspension effect was maintained in one case. The other case was successfully treated for infection control with antibiotic therapy for 20 days only.
Relapse
During the follow-up period, relapses were encountered only in vaginal approach group. This leads us to suspect that the use of mesh for vaginal apex suspension in laparoscopic approach group is mechanically stronger than the patient's own tissues. Site-specific repairs and uterosacral ligament-vaginal vault suspensions performed without mesh are dependent on the integrity of the endopelvic fascia lining the pelvic floor. This tissue has frequently become attenuated, suffering the injurious effects of long-standing prolapsed [15] . Reliance on these fibro-muscular structures may jeopardize the long-term success of surgeries [34] . Another causative mecha-nism that might be related with relapse mainly in the vaginal approach is neuropathy. There could be a possible relationship of vaginal wall dissection relating neuropathy with relapse [35, 36] . The neuropathy may have an effect on subsequent muscle strength and the integrity of muscular tissue support. In this study, relapse was only encountered in vaginal approach group. This could be explained by neuropathy because anterior and posterior colporrhaphies with vaginal dissection were significantly more frequent in vaginal approach group than in laparoscopic approach group. Foley catheter duration was more prolonged in vaginal approach group and might also lead to prolongation of hospital duration. Thus, vaginal dissection and related neuropathy may also be related to lower urinary dysfunction after reconstructive surgery. But this relationship remains to be determined.
Success rate
The success rate of the vaginal approach has been reported to be between 87 % and 100 % [19, [37] [38] [39] [40] , whereas that of the laparoscopic approach is between 79 % and 100 % [10, 12, 13, 15, 41, 42] . The success rate in this study was higher in laparoscopic approach group than in vaginal approach group as 100 % vs 91.7 % respectively, p=0.032. Our success rates in both groups were relatively high and well within the acceptable range but laparoscopic approach appeared superior.
Vaginal and uterine prolapse are conventionally treated vaginally by re-suspending the pelvic floor through attachment to various fixation points, but laparoscopic treatment has been relatively recently introduced into the management armamentarium of the vaginal vault. Most publications on laparoscopic surgeries consist of comparatively small patient populations with short follow-ups, with 12 months for the shortest. This study may also have certain limitations, where prolongation of the follow-up period may be able to detect new relapses..
Conclusion
This is a report comparing the laparoscopic approach with the vaginal approach in reconstructive surgery for uterine and vaginal vault prolapse. There were several limitations to our study. This study was a preliminary one and was designed as a retrospective study. The size of population was not large enough. In the future, randomized, long term prospective clinical studies of a larger scale will be necessary to determine the superiority of approaches, along with the introduction of objective tools to evaluate urinary problems, gastrointestinal problems, and sexual function.
Although operation time was longer in laparoscopic approach group, it was well within the acceptable range. The laparoscopic approach led to superior success rate, shorter hospitalization and shorter Foley catheter duration compare to the vaginal approach. Therefore we disclosed laparoscopic surgery is more advantageous than vaginal surgery, but at the cost of longer operation times.
